The morphologic changes in the adrenal medullae of rats treated with an ionophore antibiotic, salinomycin, are described. Male rats of approximately 7 wk of age were treated orally with a single dose of salinomycin at 80 mg/kg body weight. Following this treatment, the adrenal glands were examined, using immunohistochemistry, for neurofilament, laminin, fibronectin, and S-100 protein; the glands were also examined using transmission electron microscopy. One hour after the treatment, a karyopyknosis was observed in the clusters of affected chromaffin cells in which the neurofilament, laminin, and fibronectin were present. The lesions became progressively conspicuous between hours 5 and 10. Ultimately, the outcome was cell lysis. Five hours after salinomycin treatment, unaffected chromaffin cells strongly stained to tyrosine hydroxylase. At 10 hr, new chromaffin cells, which were irregular in shape with electron-dense cytoplasm (dark cell), that were strongly stained for tyrosine hydroxylase appeared at the basement membrane site of the necrotic clusters, and these cells contained very few immature catecholamine granules of less than 80 nm. At 17 hr, the catecholamine granules increased in number and size to about 200 nm. The newly formed chromaffin cells grew within the clusters to fill in the medulla by 24 hr, and cytoplasmic granules progressively increased in number and size. The interstitial tissue was seen to be edematous at 5 hr. New capillaries were found in the adrenal medullae of both control and salinomycin-treated rats. The protruding chromaffin cells (protruding cells), which we previously described in normal rats, were also observed in salinomycin-treated rats, which suggests that holocrine secretion is performed in the adrenal medullae. The results indicated that the rat adrenal medullae have the ability to make a rapid recovery after an insult by salinomycin.
INTRODUCTION
Based on considerable demonstration and evidence in physiology, pharmacology, and morphology, a hypothesis about the paracrine control of cortical function by adrenal chromaffin cells was proposed (3, 10, 17, 25, 33) . The existence in adrenal chromaffin cells of diverse neurotransmitters was demonstrated; this existence could serve to directly or indirectly regulate the production of corticosteroid (25) . Morphologically, these regulatory molecules might be secreted by the rays of medullary tissue located in the cortex (17) , or they may be transferred to the cortex, especially the zona glomerulosa, by nerve fibers of medullary origin (31, 33) . On the other hand, in these studies, the activation of phenylethanolamine Nmethyltransferase in converting noradrenaline to adrenaline in the chromaffin cells required the glucosteroid from the adrenal cortex. Although the adrenal cortex is the endocrine organ most sensitive to exogenous chemicals (26) , morphologic alteration of the adrenal medulla is rather difficult to assess.
Under the influence of various exogenous chemicals, a transient elevation of the level of the adrenal catechol-amines was observed (21, 28) . However, it is doubtful that a large quantity of regulatory molecules can be secreted by the chromaffin cells or by nerve fibers (through exocytosis) at one time such that a sudden need is met. Therefore, there is a possibility that another mode of secretion (e.g., holocrine secretion) may exist in the medulla. In this regard, degenerated fragments of adrenal chromaffin cells were observed by Idelman in normal rats (18) and by Szabo et al in chemically treated rats (29) . Formerly, we had observed that normal-looking nuclei and fragments of chromaffin cells that were of a protruding type (protruding cells) were formed in the capillaries located in the adrenal medullae of normal rats (5) . Un- doubtedly, the precursors of the catecholamines, such as L-dopa and tyrosine, are constituents in these cell fragments. In this regard, Buu and Lussier demonstrated that L-dopa present in the blood plasma could be the source of dopamine in the adrenal cortex (4) , and dopamine is involved in the modulation of aldosterone secretion (16) .
In order to clarify the kinetics of the morphologic changes in the rat adrenal medullae, we used salinomycin to induce a severe injury of the chromaffin cells in vivo, and we observed their recovery at different time intervals.
Salinomycin is similar in ionic affinity to monensin, which has been widely used in investigations of the cel-lular acid compartment (22) . Monensin morphologically affects the Golgi apparatus and its associated vesicles (23) , and it induces the secretion of adrenal chromaffin cells (19, 24) . However, in this study we used salinomycin instead, because it is easily available in Japan for the treatment of poultry coccidiosis.
MATERIALS AND METHODS
Experimental Animals. Male Sprague-Dawley rats aged 6 to 7 wk (Charles River Japan, Inc., Kanagawa, Japan) were used in this study. The rats were housed 2 to a cage of wire-mesh in a room in which the temperature was maintained at 23 ± 2°C; the relative humidity was maintained at 55 ± 15%, and a 12-hr light/dark cycle was used. Pellet diet (Lobo MR stock, Nihon Nosan K. K., Japan) and tap water were available ad libitum. The animals were treated humanely during the test period, in accordance with the Guideline for Animal Experimentation, published by the Japanese Association for Laboratory Animal Sciences (1987, Exp. Anim. 36: 285-288).
In a preliminary study, the animals that received salinomycin orally at a dose of 80 mg/kg body weight displayed depression only, but all animals died when they received a dose of more than 80 mg/kg body weight. Therefore, a single oral dose of 80 mg/kg body weight was used in this study. Salinomycin (Kohkin Chemical Co., Ltd., Tokyo, Japan) was suspended in 1 % methylcellulose-saline (10 mg/ml), and the required amount was individually administered with a stomach tube. The control animals received 8 ml/kg of 1 % methylcellulosesaline. The adrenal glands were removed shortly after each animal was sacrificed by exsanguination under deep ether anesthesia.
Histology and Immunohistochemistry. For histology and immunohistochemistry (IHC), 2 to 3 animals each from groups of salinomycin-treated and untreated rats were sacrificed at time intervals. The adrenal glands were collected at posttreatment hours 1, 3, 5, 10, 17, and 24. Careful handling of the tissues was exercised during the sampling and fixing stages. The tissues were fixed for 1 day in Bouin's fixative for IHC for S-100 protein or in 4% paraformaldehyde for 9 hr for hematoxylin and eosin (HE) stain and the rest of IHC.
Samples were then routinely processed, embedded in paraffin, cut at a thickness of 4 pm, stained, and examined by light microscopy. For IHC, the deparaffinized sections were first reacted with respective primary antibodies, were next washed and rinsed with a 0.10 M phosphate-buffered saline (PBS) solution, and were then stained with avidin-biotin-peroxidase (ABC) complex method; they were counterstained with hematoxylin. Negative controls were performed by reacting the deparaffinized sections with a normal mouse blood serum for monoclonal antibody to S-100 protein (1:1,000) and with a 0.10 M PBS for the rest of the primary antibodies; all were further stained using the ABC method. As the markers for catecholamine granules of the chromaffin cells, the primary antibodies used were against tyrosine hydroxylase (TH, 1:500; Eugene Tech International, Inc., Ramsey, NJ) and dopamine r3-hydroxylase (DBH, 1:500; Eugene Tech International), and samples were examined at hours 5, 10, 17, and 24, respectively. Antibodies against neurofilament 200 (NF200) for nerve fiber ( 1: 500; Chemicon International, Inc., Temecula, CA) and laminin (LM, 1:200; Chemicon International) and fibronectin (FN) for extracellular elements ( 1:20,000; Bioproduct International, Inc.) were examined at hours 1 and 3, respectively. A monoclonal antibody against S-100 protein for Schwann cell (1:500; Dakopatts, Glostrup, Demark) was examined at hours 5 and 10. Electron Microscopy. The adrenal glands of both treated rats and controls were collected at hours 5, 10, and 17 following the treatment. The glands were immersed in a prefixative (4°C), which was composed of 2% glutaraldehyde in 0.1 M cacodylate buffer solution, for 2 hr, followed by postfixation with 1 % osmic acid in the same buffer solution for 1 hr. Following dehydration, the samples were embedded in Epon 812. Ultrathin sections were stained with uranyl acetate and lead citrate and were examined with a JEM-1200 EX electronic microscope.
RESULTS

Histology
The chromaffin cells in control adrenal glands were clusters of polyhedral cells. The basement membrane and interstitial connective tissue encircled the outside of each cluster. The chromaffin cells contained bright, round nuclei and basophilic cytoplasm with HE stain (32) . One hour after the treatment, karyorrhexis with normal appearance of cytoplasm was observed in some chromaffin cells ( Fig. 1 d) . At 5 hr, the percentage of degenerative chromaffin cells increased to about 60-70% of the population in the medulla in each section. At 10 hr, the karyolytic cells with homogeneous cytoplasm were found in most of the clusters of chromaffin cells. A few small cells that were spindle or polyhedral in shape with strongly basophilic cytoplasm appeared between the degenerating cells and the basement membrane. They were morphologic mimics of pheochromoblasts ( Fig. lf) . At 17 hr, new chromaffin cells, slightly eosinophilic at the Golgi area, increased in number and formed clusters ( Fig. 1 g) .
Mitotic chromaffin cells were rare in both control and treated rats during the test period. At 5 hr, the interstitial cells increased in number in edematous interstitial tissue. Dilated, hyperemic capillaries were observed at hours 5 and 10. During the test period, inflammatory cells were rarely observed.
Immunohistochemistry
In the adrenal medullae of control rats, NF200-positive nerve fibers and LM-and FN-positive extracellular substances were evenly distributed in the interstitial connective tissue. At hours 1 and 3 after salinomycin treatment, NF200-, LM-, and FN-positive substances were more concentrated in an irregular fashion among degenerating chromaffin cells (Fig. lb, d ).
Chromaffin cells with strong cytoplasmic staining to TH (Fig. la) and DBH, as seen in control rats, decreased in number at hours 1 and 3 and were rare at 5 hr after salinomycin treatment (Fig. le) . At 10 hr, a few THpositive cells, which were irregular in shape and which displayed elongated cytoplasmic processes, appeared FIG. 1.-Micrographs of immunohistochemistry and histology of the adrenal medullae. a) The chromaffin cells with strong TH stain. Control medulla. X400. b) At 1 hr after salinomycin treatment, NF-positive nerve fibers (arrow) were observed among the pyknotic chromaffin cells compared with less-affected clusters (A), in which nerve fibers were distributed in the interstitial connective tissue. X240. c) Schwann cells in control adrenal medulla stained positively for S-100 protein. X240. d) At 1 hr after salinomycin treatment, LM-positive substances at extracellular matrices (arrow). Pyknotic cells were frequently seen among clusters of chromaffin cells. (A) Less-affected cluster. X240. e) At 5 hr, the chromaffin cells with strong TH stain were rarely seen, and degenerating cells were negatively stained to TH (arrow). X400. f) At 10 hr, the clusters of necrotic cells lost nuclei (karyolysis) and showed the homogeneous appearance of cytoplasms (arrow). New chromaffin cells (which were irregular in shape) with strong stain for TH antigen appeared along basement membrane beneath the necrotic cells (arrowhead). X400. g) At 17 hr, the new cells with eosinophilic Golgi area in basophilic cytoplasm were arranged into groups of few cells. H&E. X400. h) At 10 hr, S-100-protein-positive cells (arrows) and their cytoplasmic processes were distributed extensively in the interstitial connective tissue (double arrows) and within the cytoplasm of affected chromaffin cells (arrow heads). X240. along the basement membrane beneath the degenerating cells (Fig. lf) , and they increased progressively to fill the entire adrenal medulla by 24 hr.
It is known that the Schwann cell in the normal adrenal medulla is the only cell type to stain positively to S-100 protein (Fig. lc) . At hours 5 and 10 after salinomycin treatment, S-100 protein-positive cells with cytoplasmic processes were extensively distributed in the interstitial connective tissue and within the affected chromaffin cells ( Fig. lh ).
Transmission Electron Microscopy
Chrorrcaffin Cell. At 5 hr after salinomycin treatment, pyknotic chromaffin cells (60-70%) featured light cytoplasmic matrices, which were attributable to the presence of fewer organelles, accompanied by the dilated Golgi apparatus and rough endoplasmic reticulum (RER). In severely injured cells, the membrane of RER was discontinuous, and associated ribosomes disappeared. The catecholamine granules of chromaffin cells either decreased in number or simply disappeared. Mitochondria of af-
-Electron micrographs of affected chromaffin cells at 5 hr after salinomycin treatment. a) Portion of a cluster of chromaffin cells at the center of the field. The affected cells of the advanced degree (A) showed pyknosis and karyolysis of nuclei with far fewer catecholamine granules than were seen in controls (in which membranes remained intact) and swollen and electron-dense mitochondria in the lacy cytoplasm. The lessaffected cell (C) had swollen and electron-dense mitochondria and a reduced number of catecholamine granules in the cytoplasm, without much change in the nucleus. Electron-dense, amorphous substances, presumably incompletely polymerized fibrin, were observed in the cytoplasm of a degenerated chromaffin cell (arrowhead) and in the intercellular space (arrows). Schwann cells (S) and accompanying nerve fibers in the interstitial connective tissue and intercellular space were observed. Bar = 5pLm. b) A nucleus disintegration (karyorrhexis) of an affected chromaffin cell. Bar = 2 ~,m. c) A nuclear dissociation (karyolysis). Bar = 2 ujn. d) Electron-dense, fibrillar structure seen in a highly dissociated cytoplasm of a degrading chromaffin cell, presumably in completely polymerized fibrin. Cross-striation was occasionally observed (arrows). Bar = 500 nm. fected cells were electron dense, and nuclear membranes were swollen. The nuclei of affected cells were pyknotic, karyoklastic, or karyolytic ( Fig. 2a -c). The outcome in the affected cells was cell lysis. Initially a small number of electron-dense, fibrillar and amorphous substances, some of which had cross striations, were present within the intercellular area and the cytoplasm of affected cells, but the quantities increased following the cell lysis ( Fig.   2a, d ).
At 10 hr after salinomycin treatment, many electron-dense cells, which were apparently to be new chromaffin cells, were observed in between the basement membrane and the degenerating chromaffin cells. The new cells were irregular (polyhedral or spindle) in shape (Fig. 3a) . The cytoplasm was rich in free ribosomes, which caused a dark appearance, and it occasionally contained catecholamine granules of less than 80 nm in size (Fig. 3b ) as well as vacuoles, filaments, and lysosomes. The Golgi apparatus and RER were not prominent. At 17 hr, the Golgi apparatus of new matured chro-
-Electron micrographs of newly formed chromaffin cells in adrenal medulla at 10 hr after salinomycin treatment. a) Two strongly electrondense, new chromaffin cells (N), irregular in shape, resided on the basement membrane (arrow) of the affected chromaffin cell cluster. The degenerating chromaffin cells were without nuclei (R), and cytoplasm was lacy in appearance. Schwann cells (S) were seen in the interstitial connective tissue. Bar = 2 pLm. b) High magnification of a part of the newly formed chromaffin cell at the left side of (a). The catecholamine granules of less than 80 nm were scattered in the cytoplasm (arrows). The cytoplasm of new cells was attached to the basement membrane (arrowhead) and was rich in electrondense, free ribosomes, which resulted in the extremely dark appearance of newly formed chromaffin cells. Bar = 500 nm. maffin cells prominently developed (Fig. 4b, c ), and the catecholamine granules increased in number, at which time their size ranged from 100 to 200 nm (Fig. 4a, b,   d ). The heterochromatin of new cells was scattered diffusely in the nuclei, with occasional aggregates of varying sizes, and had some tendency to condense and aggregate adjacent to the inner side of the nuclear membrane ; some cells contained lipid droplets. New chromaffin cells were allied to each other and grew inwardly to replace the degrading cells (Fig. 4a ). There were fewer light cells, presumably new matured chromaffin cells, because they contained many catecholamine granules (100-200 nm in size) and, occasionally, vesicle-like empty areas in the cytoplasm, which were cut through invaginated cytoplasm (Fig. 4a ).
Protruding Cells. The protruding chromaffin cells, which we previously described in normal rats (5) , were observed in all rats that were either treated or not treated with salinomycin. The protruding cells were observed not only in the medulla but also in the capillaries at the outer zone of zona reticularis (Fig. 5 ). Morphologically, intact nuclear membrane and slightly altered cytoplasmic fragments containing catecholamine granules and mitochondria, with slight dilatation of endoplasmic reticulum, were seen to scatter in the capillary lumen. The apoptotic bodies were not found. The egress of the protruding cells to a capillary lumen was found to pass through the endothelial gaps or through the ruptured portion of endothelial cells.
Schwann Cells and Innervation. In treated and untreated rats, Schwann cells closely embraced the nerve terminals and partially embraced chromaffin cells with cytoplasmic processes, as described for normal rats (8) . Occasionally, the basement membranes of the Schwann cells were seen to interpose between the chromaffin cells and adjacent interstitial connective tissue. However, those cytoplasmic processes of Schwann cells that extended to the intercellular space in the clusters of the chromaffin cells were rarely seen to attach to the basement membranes (Fig. 6b ). In the treated rats, Schwann cells often contained lipid droplets, vesicles, and lysosomes. The Schwann cells displayed phagocytosis. A manuscript has been under preparation on this subject; therefore, we did not discuss this issue in this paper. At 5 hr after treatment, the cytoplasmic processses of Schwann cells and associated nerve fibers frequently penetrated into the degenerated chromaffin cells (Fig. 6a ). The cytoplasmic membrane of the degraded cell disintegrated, and synaptic vesicles were not prominent ( Fig. 6c ).
At 10 hr, the Schwann cells and nerve fibers were preferentially located in the interstitial connective tissue; some of them innervated the new chromaffin cells close to the basement membrane. At 17 hr, the nerve fibers increased the innervation to the inner parts of the chromaffin clusters.
Blood Vessels. New blood vessels, formed by the mechanism of intracellular lumen formation, were observed in adrenal medullae of both control (Fig. 7 ) and salinomycin-treated rats (Figs. 8 and 9 ), but they appeared more often in the latter. New capillaries were formed at the subendothelial area and in the interstitial connective tissue. The differentiating endothelial cells were slender in shape or were expanded by their own cytoplasmic vacuoles (Figs. 8a, 9a ). These differentiating endothelial cells often stretched the cytoplasmic processes to connect the preexisting endothelial cells (Fig. 7) . The differentiating endothelial cells were characterized by a formation of large vacuoles that was formed by an indentation of cytoplasm ( Fig. 9 ). RER-associated ribosomes, free ribosomes, small numbers of mitochondria, FIG. 4. -Electron micrographs of newly formed chromaffin cells in adrenal medulla at 17 hr after salinomycin treatment. a) Young chromaffin cells (dark cells, D) grew in 2 clusters, replacing the degrading cells (R). Matured chromaffin cells (light cells, L), one of which had a prominent nucleolus, were at the left. The vesicle-like empty area in the cytoplasm of the light cell was cut through invaginated cytoplasm. C, capillary. Bar = 5 ~Lm. b) New chromaffin cells (D) showed welldeveloped Golgi apparatus (double arrows) and small numbers of secretory granules. Electron-dense, amorphous substances, presumably polymerized and incompletely polymerized fibrin, were observed in the intercellular space of the cluster of new chromaffin cells (arrow) and also within the dissociated cell (A). Innervation of nerve fiber was observed (arrowhead). C, capillary. Bar = 2 ~,m. c) High magnification of the Golgi apparatus in (b). The secretory granules were seen. Bar = 500 nm. d) High magnification of the nerve fiber in (b). Nerve ending was intimately interacted with a Schwann cell, which contained a lipid droplet (arrowhead). The synaptic vesicles (arrow) were mainly clear cores. The amorphous substances of the degrading cell (A) were lacy in appearance. Bar = 500 nm.
FIG . 5. -An electron micrograph of protruding cells at the outer zone of the zona reticularis at 5 hr after salinomycin treatment. Two protruding cells with intact nuclei were present without cell membranes, and cytoplasmic contents were seen to scatter in a capillary lumen (right one). Numerous catecholamine granules and dilated endoplasmic reticuli were seen in the cytoplasm without a nucleus (left one). These cell fragments were seen to scatter within, and they obliterated some, parts of the capillary lumens. Bar = 2 (Jbm. lysosomes in various shapes, and pinocytic vesicles were seen in the cytoplasm and cytoplasmic processes (Fig. 8 ). The large vacuoles contained homogeneous, proteinaceous materials and cytoplasmic islands, which were presumably the result of invagination processes (Fig. 9b ). The attenuated cytoplasm was observed to be composed of 2 layers of cytoplasmic membrane (Fig. 8b ) or else it displayed the diaphragmatic structure (Fig. 9b ). The fenestrae and basement membrane of the endothelial cells were formed at a later phase of the differentiation (Fig.  9b ). The new capillary was occasionally surrounded by a loose, voluminous interstitial connective tissue.
DISCUSSION
The adrenal chromaffin cells were susceptible to salinomycin, and rat adrenal medullae had the ability to make a rapid recovery. A complete recovery occurred in 24 hr after administration of salinomycin. The occurrence of the degeneration in the chromaffin cells is attributed to the salinomycin treatment, and the dissociation of the affected cells began as early as 5 hr. Besides the degenerative changes seen in the nuclei, the affected cells showed basophilic cytoplasm, as seen in normal cells with light microscopy; however, ultrastructurally, their cytoplasm displayed low electron density because of the decreased numbers of catecholamine granules and other organelles.
Immunochemically, immature or new cells seen at 10 hr stained positively for TH (Fig. lf) , which is known to be present in the chromaffin cells. Histologically, these immature cells resembled pheochromoblasts. Ultrastructurally, cytoplasm was extremely electron dense because of the abundant free ribosomes in the cytoplasm. Catecholamine granules were few in number and were less than 80 nm in size at 10 hr (Fig. 3b) ; however, the granules became larger (200 nm) and were packed in the cytoplasm at maturation. These ultrastructural features were entirely different from those observed in drug-treated ad- renal chromaffin cells, in which numerous cytoplasmic vacuoles were observed secondary to depletion of catecholamine stores (30) .
The result of the dead chromaffin cells (induced by salinomycin) was karyolysis, with disintegration of cell membranes. No apoptotic bodies were found, but cell lysis was observed. In addition to the observed karyoklasis and karyolysis, the new chromaffin cells were not rejuvenated, degenerative cells. The time of appearance of these new cells (10 hr) was too short for cell division to have occurred, and the mitotic figures were rare. Therefore, we consider that some previously unrecognized precursors are present in the medullary tissue of the adrenal gland. These pheochromoblasts were initially found (at 10 hr) to grow on the basement membrane beneath the degenerative cells in each cluster, and they progressively replaced the degenerated cells to fill the adrenal medullae by 24 hr. The rapid response of the Schwann cells and of the nerve fibers was considered to be one of the factors involved in the speedy recovery from injury in the rat adrenal medullae.
The differentiation of pheochromoblasts to chromaffin cells in the prenatal period (9, 11, 12) was very similar to that of the new chromaffin cells first observed at 10 hr after treatment in this study. The new cells initially appeared with rare and small sizes of catecholamine granules (less than 80 nm), and the numbers and sizes of the granules progressively increased thereafter; the recovery of the adrenal medullae was complete in 24 hr. The light/ dark cell variation (as observed with electron microscopy) was interpreted as an expression of phase differences within the secretory cycles of catecholamine granules (12) . Since mitotic figures were rare and pheochromoblast-like new cells appeared in 10 hr in the treated rats, it was inconceivable that these cells were derived from cell divisions within such a short time. Therefore, the FIG. 8. -Electron micrographs of a capillary formation at adrenal corticomedullary juncture at 17 hr after salinomycin treatment. a) The differentiating endothelial cell (E) located at the subendothelial space was slender in shape and was characterized by the presence of large vacuoles with indented cytoplasm. Fenestrated cytoplasm was seen (arrows). C, capillary. Bar = 2 pLm. b) High magnification of a part of (a). The cytoplasm of newly formed endothelium contained free ribosomes and pinocytic vesicles. The vacuole contained homogeneous, proteinaceous materials and cytoplasmic islands (arrowheads). The attenuated cytoplasm was composed of 2 layers of cytoplasmic membrane (arrows). Bar = 500 nm. differentiation by the precursor cells may have induced the increase in numbers of new chromaffin cells. This hypothesis will need to be confirmed in the future.
The electron-dense and fibrillar substances observed inside and outside the affected cells (seen as early as 5 hr) were presumably incompletely polymerized and polymerized fibrin. However, further studies using IHC are needed to determine the true nature of these substances.
After salinomycin treatment, the Schwann cells reacted rapidly by extending the cytoplasmic processes to the injured cells. Apparently, the Schwann cells are not susceptible to salinomycin. The Schwann cells are known to promote the recovery from peripheral nerve injury (1, 6) . Although the adrenal chromaffin cells are different from the nerve tissue, both share neural characteristics, and anatomically, they had a close association with the Schwann cells (15) . The cytoplasm of degenerative (necrobiotic) chromaffin cells in the treated rats also had the positive reaction to S-100 protein. Ultrastructurally, the cytoplasmic processes of Schwann cells were observed to penetrate into the cytoplasm of the affected chromaffin FIG. 9.-Electron micrographs of a newly formed capillary in the adrenal gland at 17 hr after salinomycin treatment. a) The differentiating endothelial cell (E) located at the interstitial connective tissue was enlarged by expanding cytoplasmic vacuoles (V). A cytoplasmic island was visible inside the vacuole (arrow), and fenestrated cytoplasm is indicated by arrowhead. Bar = 2 jjbm. b) High magnification of a part of (a). The fenestration (arrowheads) showed the diaphragmatic structure. Bar = 500 nm. cells and intercellular space as well (Fig. 6a ). Therefore, we are convinced that this is one source of the positive staining reaction of the cytoplasm of degenerating chromaffin cells to S-100 protein. However, we are not sure whether S-100 protein has been secreted out in the environment by the Schwann cells and its cell processes.
The ultrastructural and IHC findings confirmed each other (i.e., the nerve fibers were positive for NF200 antigen), and extracellular elements were positive for antigens of LM and FN. In the adrenal glands of normal rats, fragments of chromaffin cell were mostly in found in sinusoidal medullary tissue and occasionally in the capillaries of zona reticularis (5, 18, 29) . In the rats treated with cysteamine, acrynitrile, and tyrazole, a large quantity of chromaffin-cell fragments and platelets were detected in the capillaries of zona fasciculata and reticularis as early as 30 min after the treatment (21, 28, 29) . The increase in concentration of catecholamines, especially dopamine, though transient, confirmed the ultrastructural observation. In this study, the cell fragments were found much more often in the time period occurring 5 hr after treatment with salinomycin. Previously, we have observed that the chromaffin-cell fragments, as demonstrated by TH and DBH stains, were scattered in capillaries of zona reticularis of the cortex less than 3 hr after the rats were treated with indomethacin and m-toluic acid (Chen-Pan et al, unpublished observations). We observed that the chromaffin-cell fragments originated from the protruding cells in the adrenal medullae (5) . It is conceivable that the protruding cells performed this function by holocrine secretion, which is known to occur physiologically in sebaceous glands (7) . Through holocrine secretion the protruding cells may constantly modulate the function of the adrenal cortex, especially when it is in urgent need of a large quantity of regulatory molecules.
The intact morphologies of secretory granules observed in the chromaffin-cell fragments in this study imply that catecholamines and their precursors may still be potent.
The formation of new capillaries occurred via vacuolar formation in the cytoplasm, and islands of folded cytoplasmic processes were found in the enlarged vacuoles. These findings differed from the observations made in vitro (14, 20) . However, there were no reports concerning angiogenesis in vivo in the adult animals via formation of vacuoles in endothelial cells. Generally, the endothelial cells are considered to be quiescent because of their low turnover in normal adult male rats (13) . In the cytoplasm, the intracellular vacuolar formation of preexisting endothelial cells is a mode of growth of blood vessels, the goal of which is to increase the diameter, length (34) , and numbers of blood vessels. Bar et al could not detect the seamless endothelial cells (i.e., the differentiating endothelial cells) in the adrenal glands by means of silver impregnation into the basement membrane (2) . This probably relates to our observation in the present study, in which the basement membrane-attached and fenestrated differentiating endothelial cells were not visible before the latter phase of capillary formation. Because of the fact that the specific molecular markers are not currently available for the differentiating fenestrated endothelium (27) , the identity of the differentiating endothelial cells described here was entirely dependent on morphology alone.
